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CHAPTER V. WIND POWER MACHINES

U. HUtter

A. Energy content of wind /1030*

1. Basic features. The horizontal component of the wind,

which is usually the only one used, varies with time [1, 4,

17]. Short-term fluctuations over intervals of seconds or

minutes are called gustiness or turbulence [16]. Wind vs.

distance and time, recorded with an inertial cup anemometer,

yields steadier values than gusts recordings with stagnation-

pressure devices; this means that general air transport appears

more 'uniform. The energy production of wind power plants

(integrated power in kWh) exhibits a similar behavior (Fig. 1)

[57].

Mean daily variation in speed over extended plane up to

about 80 m elevation: rising in morning, abating in the evening.

Above, reversed time variation and decreasing amplitude of fluc-

tuation [11]. Along sea coasts and on sides of mountains, there

are thermallygenerated land/sea or mountain/valley winds varying

with the time of day ([17], p. 536); changes in meteorological

conditions are superimposed on these fluctuations.

In Central Europe, there is a simple periodic variation in

intensity over the year with weak winds from June to Oct0ber,

and strong winds from December to April [17].

Symbols

DR  ' Wheel diameter [m].

E0 Profile lift/drag ratio [-].

Etot Total energy generated'.[Wh].

Fref F0  Ideal reference areas [m 2].

F vane Area of control vane [m ].

FR  Area of circle enclosed by wheel [m2].

* Numbers in the margin indicate pagination in the foreign text.
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HT  Height of tower (axial height of wind wheel) [m].
L Power of the facility [kW].

L0  Ideal power content of wind [kgm/sec].
L
inst Rated power [kW].

M0  Friction moment [kgm]. \
MR , MA  Wheel shaft and machine moments [kgml.
R Radius (to tip of blade) [ml.
Ref f  Effective radius [i".

ca' Calmp , Lift coefficients [-].
cd Moment coefficient [-].
c1, clopt Power coefficient [-].

clid, clopt Ideal power coefficients with zero friction [-1/
cw Axial thrust, drag coefficient [-].

cwO Profile drag coefficient [-].

fN Frequency of power network [Hz].

hrel Relative wind frequency [-].
i Gear ratio [-C-

1F  Length of vane arm [ml.

linst Specific power per area of circle [W/m2 J.
m Mass per unit of time [kgsec/m].

nR , nA Rate of revolution of shaft and machine [rpm].

r Radius of a profile section Em].

tr  Width of blade at radius [ml.

At Time interval [sec, h].

u0  Tangential speed of wheel [m/sec].

ue, u3  Relative tangential speeds in wheel plane and wake [m/sec].

vO, vOn, max v0  Wind speed in undisturbed flow [m/sec].

ve, v3  Velocity in wheel plane and in wake [m/sec].

Vh, vm  Most common and mean wind speeds Em/sec].

Av Velocity change [m/sec].

w03 we, w3  Relative air speed of vane [m/sec].

z Number of blades [-].

a Angle between zero-lift direction and incident wind

direction [units of arc].
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,0 Angle between plane of rotation and zero-lift direction

[0].
Specific annual power per area of circle [kWh/m2/year].

lA Matching factor [-].

l1 Profile friction loss factor [-].

hIR  Work factor [-].

nZ Blade-number loss factor [-].

0 Blade outline function [-].

KG Grid constant [-].

Kp Profile factor [-1.

A0 = u0/V 0 Wheel speed ratioji[-].
AX Relative speed ratio in plane of wheel [-1.

SVelocity reduction coefficient [-].
2

p =yY/g Specific weight of air [kgsec//m]

T Time coordinate [-].

a /1031
9 70771374 I 70777010f20 21 22 23 24" 2
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Fig. 1. Plots of wind speed and wind vs. distance for
five typical weather situations (Essen-Mlheim Airport).

[Key on following page]

3



[Key' for Fig. 1]'

a. High with uniform weak flow

b. Anticyclone with steady east wind

c. High with storm front

d. Traih~A'weather with lively wind

e. Passing through intermediate high

f. Cyclone with storm area

Zeit = time.

2. Frequenty curves are the result of analyzing long-term

wind observations (Fig. 2):

EAtAv 0 is the sum of the time intervals At, over which the

wind speed is within the speed intervals Ay0 1 or AvOn

Crucial parameters: vh the most common, and vn the mean

wind speed. In temperature zones: vh = (2/3) vm(Wenk).

The mean wind speed vm (hourly, daily, monthly and annual

means) is known for many places and redorded (Table 1). Values ,

for Germany are provided by the Central Office of the German

Meteorological Service in Frankfurt/Main. The highest wind

speeds in Central Europe are 50-65 m/sec near the ground ([32],

p. 6).

TABLE 1. MEAN ANNUAL WIND SPEED IN m/secl /1032

Germany Leipzig 3.1
Schneekoppe (H) .0

Brocken (H) 8.7
Helgoland (C) 6.8 Rest of Europe
Hamburg 4.8
Aachen 4.6 West Coast of Iceland (C) 7.8
Frankfurt/M 3.7 Finland (coast) 6.0
Buchen (Odenwald) 4.0 Finland 3.0
Goppingen 2.8 Clare M6rris (Irld.) (C) 4.9
Schopfloch (H) 4.6 Dublin Airport (C) 5.5
Friedrichshafen 3.9 Shannon Airport (C) 6.0
Munich .3.2 Orkney Islands 8.0
Schmicke (Thur.Wald),(H) 3.7 Central England 3.2

1 Coastal locations designated by (C), elevated locatibns by (H).



I [TABLE 1 continued]
Brittany (C) 7.0 Cape Hatteras (C) 7.2
Normandy(C) 6.0 Mississippi Valley 4.2
SE/NE France 3.2 Miami (C) 5.3
Hela Peninsula (C) 6.3 Fort Worth (Texas) 6.2
Warsaw 3.8 105th meridian 3.6--4.0
Cracow 3.2 Los Angeles (C) 2.8
Trieste(C) 4.0 Calgary 4.5
Trapani (Sicily) (C) 4.6

South Africa South America

Beaufort West (C) 4.4 Fernando Norbona (C) 6.9
Cape Agulhaes (C) 6.3 Recife (C) 6.1
East London (C) 4.8 Rio de Janeiro (C) 4.3
Port Elizabeth (C) 5.2 Rio Grande del Sul (C) 5.4
Johannesburg 3.3 Sdo Bento 0.3
Bloomfontein 3.0 Barreiros 0.7
Kimberey; 3.2 Caxambu Minas 0.8
Matroosberg 2.3 Montevideo 4.6

Buenos Aires 4.4
Atlantic Ocean Bahia Blanca 4.2

Commodore Riva da via 7.1
NE tradewind 4.9 Asuncion 1.7
SE tradewind 6.2 Rosario 3.1

Tucuman 0.9
North America Mendoza 1.3

Bariloche 4.6
Cape Cod (C) 5.7
Long Island (C) 5.4

3. Relation between velocity and duration as a basis for

obtaining the continuous power line by integrating wind

frequency curves [55]:

vo. ho-- I , O
f,~hdv, fhreadvo,(

maxro maxo (2)

8620 T is the number of hours per year over which the wind

speed is v0n or greater (Fig. 3). The number of kilowatt hours

per m wind wheel area with total energy removal is calculated

(Fig. 4) from the annual mean wind velocity. Total available

energy in kWh is given by

Etot = EFR
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With the same means and

the same size facility,

vo ndeschwindigkrit the specific output per

unit area in W/m rises

.O/ r t, o 2t, ZV in proportion to the
., 7 2 , rin di;keyrZied

rI , 5e0 Secindi~:klzsn rated power L in
t ithIr-nilbri dem inst

j n/rs. thnris kW
a g

4 e 0 2 1". = 1000 L nst/F (4)in warschMeikeif 0,, ,Is inst inst R

Fig. 2. Relative wind frequency, 4. All records of
analyzed from a 45-day record
(Wiesloch, Baden, April, 1946). wind speed [4, 11, 17, 19]

show a steady increase in
Key: a. Relative frequency

b. Wind speed wind speed and a general
c. Time decrease in gustiness with.i;'
d. Speed
e. Speed interval increasing elevation above

f. Time interval in which the effective surface of
the speed is v
g. the speed is from /n+l the Earth. A velocityg. Analysis from
1,000 hourly means maximum at the boundary of

the stratosphere has been

s found by meteorological
-e wg 10,0 b balloons, cirrus observa-

SI / /tions and radio-probe

measurements .(Fig. 5),

1 __ ir [E311.

/a / B. Basic Aerodynamic
.i Features

1. Basic features.

Windpower machines convert

0 1 , o , the kinetic energy of air

20 ei koordm 0r o into work. The amount of

Fig. 3. Velocity profiles[1,4,17]. air crossing the reference

Key: a. Wind speed;b. Mountain top area Fref during a unit of
above sea level; c. sea coast-' time (in kgsec/m)
d. Central Germany; e. Southern
Germany; f. Time coordinate..9/
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m = v0 Fref

and this can perform work /1034

a 'r'te of [3, 8] (in

kgm/sec)

tmr /Johmmiftl e 3
S500 - Windgeschwindigkeit L = mv2 /2 = v F p / 2  (5)

o0 0 ref

0 IA Here, v is the

relative air speed perpen-

, 4 dicular to the area, p = y#g

is the density and y the
o too 150 20 ?ow/m specific weight of air. The

b imolierte leistung 14,! je Rodkreisfidche

reference area is the projected

area for rotors and the

Fig. 4. Specific annual power circular area swept out by
per unit area for various the vanes for wind wheels.
annual mean wind speeds [22, 33,
56, 57]. vm = annual mean wind The actual operating
speed. data of wind wheels is
Key: a. Specific annual power

per unit area expressed in terms of the
b. Rated power Linst per parameters of the facility

unit of wheel area
Jahr = year by means of dimensionless

coefficients:

Power in kW L=cFE e/(2 -1021. (6)
,Torque in kgm M:n= c~RFA /2, (7)
.Axial thrust in kg S-cFvFRe/2l (8)
.Revolutions in rpm : =30ve/r, (9)

c1 = power coefficient, cd = moment coefficient, c =
thrust or drag coefficient, X0 = u0/v0 wheel speed ratio (ratio

between the tangential speed uO =-,'Rn/30 and the relative air

speed v0 of the wheel), R = radius to tip of blades.

2. The power coefficient c1 cannot be 1, even in -

the ideal case, since the withdrawal of energy is linked to a

velocity reduction near the plane of rotation (ve <v0 ), and
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since the area F 0 must be

less than FR (Fig. 6) [3],
b Lufdicht', S - because of the continuity

404 006 01

condition

k L.E~v F = const.
0 0

so that the entire mass flux

S= v 0 OFp/2 does not cross
\" 2ooo

the circular area.

:o. The velocity reduction

io 400, factor E =v 3/v 0 is crucial

20 for the type of energy

;ooI extraction.

0 -For the wheel plane,

*o0i: i ijndex e), jet theory yields

2f about half the velocity

0 e reduction and change in

6 angular momentum in. the wake
4 i

of the wheel.

2 3 4 5(j4~'C 20 1T2S
Wndgeschw i oP;n-Miielwrd l e  J f

ve = O/Av/2, ue = UO:+ Au/2.

Fig. 5. Speed vs. elevation Using the abbreviation

[1, 3, 4, 17, 22].

Key: a. Height above o + a- (10)
effective surface
of Earth

b. Density of air power; balance, and the laws
c. Large facilities of momentum and angular
d. Medium-size facilities
e. Small facilities momentum conservation yield

f. Wind speed, mean value the velocities in the wheel
g. International reference

height for measure- plane (Fig. 7):
ments at right angles to the wheel

h. Ground wind
plane
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parallel to the wheel plane

ar _ " Rde= ene -u.o(1 +o)/ ( 12)

Rodelemnani

O -and, relative to the vane /1035

f profile

C lOttzcht z: 3 telle 0 d a

0.-,5 Vo 1 +)iT3- - \ (13)

Fig. 6. Conditions near the effective speed ration.in
the wind wheel.tEi w, wh, " the wheel plane
Key: a. Blade element

b. Wheel element
c. Number of blades ;07 (14)
d. Position
e. Wheel plane
f. Weight The ideal power coefficient

(Fig. 8) (ignoring the influences

of profile friction, blade

number and lift) with angular

".zi- 0  momentum taken into account is:

Clid = o(1+ )() 1 1 (15)

The ideal optimum for A 0
Fig. 7. Angles and velocity (zero angular momentum) and
angles.

'. ; = 1/3 is Cli.aopt = 0.5926
Key: Richtung = direction 1/3 is dopt = 0.5926.

Because of the substantial

influence of angular momentum,

a lesser reduction to 5 =11/2

is more favorable for extremely sow wheels [22].

3. The'effect6si)iofprofile friction are allowed for via the

loss factor

7P 2 ;o(E. - ()/[( + + E6 ,

(16)

9



(Fig. 9) [3, 14]. E, = Ca/c w profile lift-drag ratio,,,
ca = lift coefficient, Cow = drag coefficient of profile, both
for infinite span. Strictly speaking, lid and hold only
for a wheel element at radius r and of area dFR = 2wrdr with an

infinite number of blades.

s,1Vo 4. In order to ascertain

the behavior of the entire

wheel, values are plotted and

-,( integrated over the radius,
cl lp tums

_ i - taking deviations in,; and ca

?2 0 . due to peripheral influences

into account'. The influence of

O a2o. C6 0 W the number of blades (Fig. 10)
Abmmderun gfoktor b

Fig. 8. Ideal power [18] is estimated using the
coefficient blade-number loss factor.

Key: a. Coefficient for
ideal power '. )2,39) (17)

b. Reduction factor
c. Position-of c

bptimum z = number of blades (in

Fig. 6, z = 3). For a given

wheel,

Sf(O,) (1/R') f c1 id dr f 7 d r. (18)
U

the estimated effective radius

is

S I f 4 6 8 N0I I 2 14 c a b
Sc "re11ovfzoh zb This can be considered valid

Fig. 9. Profile friction for the entire wheel, thus
loss factor dispensing with any integrations.
Key: a. Profile friction loss

factor A condition for a possiblefactor
b. Speed ratio operating state in a blade
c. Profile lift-drag

ratioion is [22]: /1036
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Ca imp = 2WK KGa; (20)

profile factor K 0.92-0.86

I a(profile thickness 5-18%),

04 grid constant k =- 0.9-1.1

(00-70) (Fig. 7), ([18, p. 139).

4 2 4 6 8 to 12 1b (Fo2o
b Smp t'S h- o + ou c+ (ia +), (21)

Fig. 10. Blade-number t = with the blade at radius
loss factor [14'l 18] r

Key: a. Blade-number r (Fig. 6).

loss factor
b. Speed ratio (22)
c. Number of blades .=(cos - .sin (22)

5. The moment coefficient

cd is derived from cl-X 0 curves:

cd = 1 . (23)

The zero-moment coefficient

a I Cd0 with the wheel stopped is

a function of the design speed

oo ratio,,- ':angular variations,
012 0 6 1 2 34 6 8 M

_b , Sc~,~,~ai o blade profile and outline

Fig. 11. Zero-moment configuration (Fig. 11).
coefficient of actual wind Since the blades of high-speed
woeels [3,5,10,22,33].
.e [wheels are almost parallel to
Key: a. Zero-moment

coefficient the plane of rotation, flow
b. Speed ratio separates along almost the
c. Theoretical

maximum entire blade when the wheel
is stationary. Therefore,

moment coefficients for when

these wheels are stationary are very small. The start-up

properties of high-speed wheels can be improved by altering

11



the blade orientation (autoL

-matically or manually), so

that the flow adheres to the

profile along most of the

blade radius.

6. Drag coefficientsaare

a -4D estimated from

c, =(1- (a + E) (24)
Fig. 12. Wind-tunnel
measurements to determinemeaxia thrust coefficients The profile lift coefficientsaxial thrust coefficients
of a four-vane model ca must be known in order to
wheel [20,22].

determine E . Because the
Key: a. Drag coeffient

c profile lift-drag ratio E 0O
b. Seed ratio as ca - 0, is relatively

large for high-speed wheels

0o even when idling. Fig. 12 shows

6 some measurements.

3 7. The blade width of /1037

wind wheel vanes is obtained

from the basic outline
: 0,4

0Ii 
,=9 C (25)

08 by means of the outline n 03
o01 function
0,030 2 4 6 6 70 12

b Schnelloufzah .AO 4: ) 0 - . (26)

Fig. 13. Blade-outline
function [22]. In the range of normal

Key: a. Blade-outline values, the influence of the

function reduction factor on the
b. Speed ratio outline is slight (Fig. 13).

The shape obtained from Eq. (26)

corresponds to the regtangular

12



outline of airfoils and ought to be slightly corrected to give

it an elliptical outline, to allow for a steady lift distribution.

Ca 8. Wind-tunnel measure-

ments on wind wheels with different

hlade;angles (Figs. 12, 14 and

a z -15) show that limiting power by

I modifying the orientation of the

blades is very effective, and also

that the optimum cl curve is an

Fig. 14. Wind-tunnel envelope for all other curves over a
measurement of power very wide range of speed ratios,
coefficients of a four-
vane wind wheel [22] (Fig. 15).

Key: a. Power coefficient Comparing the c1 and d
b. :Speed ratio
c. Plane of rotation curves of wheels of different

designs shows the superiority of

the low speed wheel in starting,

c a and that of the high-speed wheel
S renzkurve des TrDmen lrites

0 in power and revolutions [3, 10,

_,___ _ 20, 33, 52]. Rotors based on

the cup-anemometer or the Savonius

principle [51] are greatly

inferior, because of the greater

a construction effort for a given

b . circular area and because of
b schne uftc ht ko

lower revolutions for the same

diameter and a substantially poorerFig. 15. Power coefficient
field based on wind-tunnel power coefficient (Fig. 16) [331].
measurements [22].

C. Adaptation to machinery
Key: a. Blade angle

b. Speed ratio 1. In order to have wind
c. Limiting curve of power plants and machinery or

turbine operation
d. Plane of rotation generators cooperate, stable

conditions must prevail regardless

of the values of v (and nR;

R

13



i.e.

(27)
S(" R) A A "Ag),

dA ja/d d1R -' jd n .
(28)

SMR is the driving moment of

the wind wheel, MA is the torque

of the machine being driven,

SM is the frictional moment of
S1 the entire facility, relative to

3 - q __ __ '- the shaft of the wind wheel and

i is the gear ratio of the gearing

between the wind wheel and the

,'b C,.4 machine [53].

B A B C 0 E 2. The efficiency

Fig. 16. Power and moment
coefficients of wind wheels
with different designs and gives the utility of the chosen /1039
speed ratios (according to
,ateyev) [10,22,33, 511, operating point of the wheel,

Key: a. Power coefficient relative to the optimum power
b. Moment coefficient [55]. '; ,At different wheel
c. Speed ratio
d. Low-speed wheel revolutions and wind speeds
e. High-speed wheel the value of , 'depends on the

position of the torque-revolutions

curve of the machine in the torque-

revolutions field of the wind
wheel (Fig. 17). Optimum',compatability with good start-up
behavior is obtained with d.c.\ double-wound generators in
connection with a battery and an ohmic resistance,., Mains-
powered asynchronous and synchronous generators do not match
as well [26, 55].

Precise study on the optimum position of the fixed number
of revolutions of the wheel as,determined by the mains frequency

fN and the gear ratio i in the light of power curves allowing

14



pp, thevarious values of nR:
power delivered by the faciliVy

as a function of the time

co *o / coordinate t in Fig. 18.

3. The matching coefficient

compares the actual total energy

a delivery with the idealoutput

at nR = 1 (Fig. 18).

S(30)

Matching factors of more

S1 Z 2 a than 90% are possible even with

fixed rates of revolution [55].

Fig. 17. Moment/ When high-speed wheels are
revolutions/wind speed being used to drive, machinery,
field of a facility with
a wheel 20 m in diameter with moments independent of the
along with operating rate of revolution (reciprocating
characteristics of
generators and pumps [55]. pumps, wood saws, roughing mills,

Key: a. Wheel torque tool machines, etc.), couplings
b. Wheel revolutions which are controlled by the rate

in rpm
c. Wbind speed of revolution or variable gear
d. A.C. generator, ratios must be employed in order

rotary pump
e. Mains-driven to start with zero load,[32].

synchronous
motor run on D. Examples of windpower machines
power network

f. Optimum operating 1. Low-speed wheel (Fig.
range of wheel 19) with design speed ratio:,l-2,

g. Reciprocating pump
with reduced- 3-6.m in diameter. One-stage
load starting step-down gearing 1:2.5 to 1:3.5;h. Efficiency

crank gearing with sliding guide

of lifting mechanism in tower.head \
(Fig. 20); on square angle-

bracket towers; has worked well as ,a machne;to drive, :simple ..l.
reciprocating pumps [5, 21, 33].z. Foun-vaned wheel with blades

15



of galvanized, curved 1-1.5 mm

sheet metal turns in the lee

e of the tower.

o ca L P Wheel disc rough-turned

C\.\0\ i 0hhi ")' t  by weather vane. Length of

Si0-4-kit vane arm 1F =(2/3) DR , vane

Sr vane FR /8, tower heightS5 0o 0: a d ae Fvane R
HT 3-5 DR; controlled by

b ze tkaod r ...e r turning the wheel disc, mounted

off-center relative to the

vertical axis of the tower, with
Fig. 18. Power curves for
a wind power plant working stagnation pressure at high

together with a mains wind speeds against the tension
driven synchronous generator
for various fixed rates of of a long spring, the vane
revolution [55]. remaining in the wind direction

Key: a. Power ratio (Fig. 21). Adjustment with
b. Time coordinate
c. Efficiency chains or wire, likewise by
d. Ratio of rates of turning the wheel disc.

revolution
e. Loss 2. Modern high-speed
f. Period of stoppage
g. Period of full load wheels (design speed ratios 3-9)

are usually constructed as

electrical facilities because of

the lesser adaptation problems

(Figs. 22 and 23). Guyed or

free-standing very stiff tube or grid masts. Free-standing tower's

spread out near the base. Concrete foundations w±th cast steel

reinforcement [11, 25, 26]. Usually constructed by hoisting up

mast anchored at its base at one point [331. In addition to the

usualY'loads on tall structures, the towers must bear stresses

due to inertial forces and moments [e.g. gyroscopic moments of

the wheels). The lower edge of the wind wheel should be at

least 3 m above the vortex trail of obstacles (stretchers or

rows of trees). Towers of medium-size facilities (3-100 kW)

are 1-3 DR high.

16



d

Fig. 19. Wind-power pumping Fig. 20. Pump head gearing
plant with low-speed

b -- Shoe brake, locks the wheel
Key: a. Housing cover when fully swung out, c -- Guide,

b. Return spring d -- Connecting rod, e -- ub
c. Regulating chain of wheel, ff -- Vertical axis
d. Blat-frmj of tower.
e. Direction control Key: g. Wind direction

vane Key: g. Wind direction
f. Ladder
g. Pump linkage;
h. Pump head

bis = to

The vanes for wind wheels up to 5 m in diameter are made of

laminated solid wood glued with synthetic resins. Larger vanes

are made of light metal or sheet steel in the scooped configuration,

usually with a central bar and ribs to support the skin, and /1041

rigidly attached by a flange to a welded or cast steel hub (Fig.

24) [31, 33], or mounted by several single-row or one multi-row

roller bearings so that it pivots about the long axis of the



k a C
Wsloa rurk

b rmhochac se e
&enrjzit L Abs PJAeff?

Fig. 21. Eccentric governor Fig. 22. Electrical wind power
(eclipse control) for low- plant with high-speed wheel
speed wheels [33]. (Allgaier, Uhingen). Rated

pOiWer 32kW i~UITj load reached
Key: a. Wind pressure

b. Eccentricity at 6.2 m/sec wind speed.b. Eccentricity
c,/ Vertical axis of Key: a. Gear housing

tower b. Platform
d. Adjusting chain c. Adjiusting lever
e. Vane d: Circular area swept
f. Return spring out

e. Foundation

vane (Fig. 22). The vane is pivoted by push rods or gears.

4. Tower head. In electrical facilities with attached

generator [31], one- to three-stag&spur-gear system, usually

with ground helical gear wheers; sump lubrication preferred

because of freedom from maintenance. Vibration-proof screw

connections and satisfactory seals are very important [24].

Direct mechanical [26] or hydraulic servocontrol [31] of

rate of revolution and torque is achieved by adjusting the blade

angle. This is accomplished by a sturdy centrifugal governor.

This also permits power control as Qpure loss regulation -using the
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Fig. 23. Head gearing of an electrical wind power
plant (ALLgaier, Uhingen).

Key:

a. Direction of n. Cable terminal
rotation o. Cover

b. Revolutions governor p. Ground cable
C. Gear-shift shaft q. Blade
d. Main shaft r. Wind direction
e. Guide star s. Worm gear fixed to
f. Normal oil level tower
g. Intermediate shaft t. Terminals and fusebox
h. Slip rings u. Worm
i. Cool air v. Side wheel
j. Ventilator w. Hood
k. Brush holder
1. Access hole
m. Connecting block

criteria of structural strength, specified range of rate of

revolution, and permissible power drain (Fig. 15). With
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hydraulic servocontrol, additional control pulses are possible

to secure against storms with wind speeds over 22 m/sec (the

frequency of which is less than 0.1% of the overall time even

in areas with high winds [1, 4, 17]), and to facilitate starting

when the wheel is stopped by adjusting the blades. Adjustment

is through linkages at the foot of the tower. The head is

mounted on ball or roller bearings of large diameter or on

thrust or pivot bearings [11, 33]. Directional control via

self-locking worm.l gear [31] through side wheel (Nordwind G.m.b.H.,

Allgaier) or by small directional vane controlling the sense

of rotation of an electric motor (Ventimotor G.mtvb.H). Current

drawn through copper slip rings at top of tower. The slip rings /1042

are designed like those for lifting machines.

a _Sznh 15, Mf ir rn, olne erdr ehynooezerchnel C,

-

d
hi cbe 6 0sc 3 Normo tling fr AuenflOgel

S e 7500 Windrodrodius .
I B. .

-7000 A------

-: ndschni, f a a, ppe Maximcle Bremsstellung k
Sdes Au,5enficge!s bei 100 mm Orchholmhub

' "h -Bei NIormalstellung decken sich die Schnite m

SSrhnit C-C Ansichi Rinf ihtung

Fig. 24. Construction of a metal vane attached rigidly
to hub, and controlby adjustment of outrer vane

(Nordwind G.m.b.H).

Key: a. Section at center f. End section
of bar, drawn g. Crack
without twist h. End section A of outer vane

b. Mak:. brakingiaposition i. Direction of vane rotation
c. Stroke at 600 j. Section

deflection k. Max. braking position with
d. View, direction A 100 mm rotation bar stroke

Normal position 1. Rib
for outer vane m. The sections coincide in

e. Radius of wind wheel normal position

[Key continued of next page]
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[Key to Fig. 24 continued]

n. Underside parallel 5. Trickle chargers
o. View, direction B
p. Center of wind-wheel shaft [21], usually a two-bladed

wheel 3-4 m in diameter,

generate weak currents for

lighting and radios. Like

lighting equipment ,fr motor

Kompndgene i,*"r vehicles, the generators
-G eneroatorfo upsichrunge 'b

Sche in rmekM Pf are usually equipped with
d c T ied Tyrill field governors and

I. t ;m' vehicle,i batteries. Small

i i  ,,, units generally have no

u Rr h gearing. They are regulated
h

_ _
-

_ __ by centrifugally controlled

lniohm Doaurverbrouder drag surfaces or by turning
toward the vane against the

spring tension.
Fig. 25. Overall circuit
diagram of an electrical E. Operating properties of /1043
wld power plant withW,~ i wind power machines.
compound D.C. shunt-wound
generator Wind power plants do

Key: not operate 16-35% of the

a. Compound generator time. Full load is reached
b. Principal generator

;uses only 8-28% of the time,
c. Slip rings at top depending on wind frequency

of tower
d. Feed cable and specific load per unit
e. Main switch areao&f circle. Partial-
f. Change-over switch. Change-Motors, water switchpumps load operation over 2/3 ofg. Motors, water pumps,

heating units total pperating time, with
h. Battery
i. Selenium column widely fluctuating power and
j. Reverse current circuit rate of revolution (Fig. 18)

breakerk. Mains [2,7 22, 55, 57]. Therefore

1. Load display there must be power compen-
m. Steady loads sation by
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1. Appropriately

designed energy storage:

.----..rorjn, n,,o, lead or alkaline batteries,
Saotbriekenblinien bb

heat storage (hot water,

.- D00voI steam, solid), flywheel

systems (rlikon).

S. 2. Adapting power

consumption to power genera-

tion. This is possible in
StromI d i the manufacture of stored

Fig. 26. Cooperation of and mass-production goods,

a compound shunt-wound electrolysis, fruit drying,
generator with a lead battery chopping, grinding, con-
as buffer.

Key: a. Generator charac- veying, water pumping, etc.

teristics [56].
b. Battery charac- 3. Supplying energy

teristics
c. Voltage to powerful networks with
d. Current

d. Cu t full large constant basic loadsVIL = full
[30, 53, 55].

The simplest operating method for elpctrical facilities

is to supply power through two separate networks, one for small

loads (lighting, radio, small equipment) to a discriminating

circuit breaker and a buffer battery, and the otherVfor large

loads for heating and power, fed directly from the generator

without buffering (Fig. 25). The battery is charged through a

double shunt-wound generator with an adjustable voltage limit

(Fig. 26), in order to avoid overcharging the battery.
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